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Abstrat
The sales assoiated with Brown-Teitelboim-Bousso-Polhinski proesses of brane nuleation,
whih result in hanges of the ux parameters and the number of D-branes, are disussed in the
ontext of type IIB models with all moduli stabilized. It is argued that suh proesses are unlikely
to be desribed by eetive eld theory.
1
I. INTRODUCTION
There are two approahes to dynamis on the landsape of lassial solutions to (the
supergravity limit of) string theory.
1. The universe is the result of a tunneling event as in traditional quantum osmology
[1℄[2℄[3℄ exept that instead of tunneling from nothing, the pre-tunneling state is the result
of spontaneous ompatition and deay of high string states (whih may be modeled by a
thermal state at a temperature somewhat below the Hagedorn temperature). The dierent
end states of this tunneling proess are the dierent four dimensional eetive eld theories
that are supposed to onstitute the landsape of string theory.
2. The seond is a proess of brane nuleation a la Brown and Teitelboim (BT) [4℄.
This is analogous to the Shwinger eet of pair prodution of harged partiles by a strong
eletri eld in two dimensions. The urrently observed universe (with a tiny osmologial
onstant (CC)) is supposed to be the end result of this proess of brane nuleation. In the
generalization of this argument by Bousso and Polhinski (BP) [5℄ to string theory, this
proess an result in getting a universe with a tiny osmologial onstant (CC) even though
the brane tension is not parametrially below the string sale.
In [6℄ Brustein and the author addressed the rst senario [25℄. In this paper we will dis-
uss the seond, using type IIB models with ux ompatiations [26℄ and non-perturbative
terms [7℄ (KKLT) [27℄. In partiular we will determine under what onditions this proess
ould be desribed by an eetive supergravity. This means that given a state whih has
suh a desription, whih we will take to be a nal state of the nuelation proess suh as
the observed universe, we wish to investigate whether its immediate anteedent state is also
desribable by eetive supergravity. What we will nd is that although generially the
anteedent state is strongly urved (at higher than the string sale) there are non-generi
situations where a supergravity desription of the anteedent state is possible. However
even in those situations the required domain wall brane has a tension whih is above the
string sale so that it does not seem possible to desribe its nuleation in low energy eetive
supergravity.
In setion 2 we disuss the relation between dierent sales and estimate the tension of
the relevant brane, and in setion 3 estimate the osmologial onstants in the two states
and disuss the transition.
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II. A MATTER OF SCALES - THE DOMAIN WALL TENSION
In this setion we analyze the tensions of branes and the hange in the CC in the Einstein
frame dened by GKP [8℄. Here in addition to warping we also put in the dependene of
the metri on the volume modulus.
The metri ansatz is [28℄:
ds2 = gSMNdx
MdxN = eφ/2[e−6u(x)+2A(y)gµν(x)dx
µdxν + e2u(x)−2A(y)gmn(y)dy
mdyn] (1)
In the above gMN is the ten-dimensional string metri and the ansatz ensures that gµν(x) is
the four dimensional Einstein metri and gmn is the Rii-at metri on the internal spae
whih is usually taken to be a Calabi-Yau manifold. u(x) is the volume modulus and we've
ignored the other moduli sine they do not enter into the relation between the Plank and
string sales. Also it is onvenient to take the eetive volume of the internal manifold to
be at the string sale when u = 0, in other words we put∫
X
d6ye−4A(y)
√
g(6)(y) = (2pi)6α′3 (2)
Reduing the 10 D ation using this ansatz gives
S =
1
(2pi)7α′4
[
∫
d4x
∫
d6y
√
gS(10)(x, y)e−2φgµνs R
S
µν + ...] (3)
=
1
(2pi)7α′4
[
∫
d6ye−4A(y)g(6)(y)
∫
d4x
√
g(4)R(4)(x) + ...] (4)
From the seond line we an read o the 4D Plank sale (by identifying the oeients of
the 4D Einstein ation as M2p/2)
M2P =
2
(2pi)7α′4
∫
X
d6ye−4A(y)
√
g(6)(y) =
2
2piα′
(5)
This is of ourse measured in the 4D Einsein metri and in the same metri the string sale
an be identied by writing the string ation as,
I ∼
1
2piα′
∫
d2σ[
1
2
gSMN∂X
M ∂¯XN + ...] (6)
∼
1
2piα′
∫
d2σ[
1
2
eφ(x)/2e−6u(x)e2A(y)gµν∂X
µ∂¯Xµ + ...]
The eetive string tension (measured in the 4D Einstein metri) is atually spae-time
dependent unless the dilaton and the volume modulus are stabilized. Heneforth we will use
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u, φ for the stabilized values of the volume modulus and the dilaton. The tension is also
dependent on the warp fator and is given by
Ts ≡M
2
s =
eφ/2e−6ue2A(y)
2piα′
. (7)
Thus in these units the string sale in any throat region will depend on how far down the
throat it is measured. The ratio of the Plank sale to the string sale (whih is in fat the
physially meaningful quantity) is
M2s
M2P
=
1
2
eφ/2e−6ue2A(y). (8)
This formula illustrates the fat that in highly warped regions (down some AdS like throat
region that approximates the RS1 [9℄ senario as in GKP) the Plank sale an be muh
higher than the string sale [10℄. The same formula illustrates the fat that this hierarhy
of sales an alternatively be obtained by taking a large volume (eu ≫ 1) ompatiation.
Now onsider two dierent ux ompatiations separated in (3+1) dimensions by a
domain wall whih in IIB theory ould be a D5 brane wrapping a three yle in the internal
manifold. We ould also onsider an NS5 brane but the results would be very similar exept
for the fator of the dilaton whih has only a marginal eet in the following.
In the string metri the tension of the ve brane is given by the formula T5 = e
−φ/(2pi)5α′3.
The relevant term in the ve brane ation is,
1
(2pi)5α′3
|
∫
A
Ω|
∫
d3xe−6u(x)+φ(x)/2
√
g(3)(x), (9)
where A is the three yle wrapped by the brane and Ω is the holomorphi three form on
X . So the eetive tension of the domain wall measured in the 4D Einstein metri is
Tdw =
|z|
(2pi)2α′3/2
e−6u+φ/2, (10)
where we have introdued the omplex struture modulus assoiated with the three yle
wrapped by the brane by writing
∫
Ω = (2pi)3α′3/2z. To estimate the Kaluza-Klein (KK)
masses onsider for instane the dilaton kineti term
−
∫
d10xe−2φ
√
g
(10)
s g
MN
s (RMN − 4∂Mφ∂Nφ) → −
∫ √
g(4)(x)g6)(y) (11)
[e−4Agµν∂µφ∂νφ + e
−8ugmn∂mφ∂nφ]
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Thus we get the KK masses to be
M2KK ∼
< e−4A >−1X
2piα′
e−8u, (12)
where we have dened < e−4A >X=
∫
X
e−4Av2/
∫
X
v2 where v is the KK wave funtion.
Sine one expets the KK modes to be loalized at the end of the Klebanov-Strassler (KS)
throat (as in [11℄ for the RS1 ase - see also [12℄) this average may be estimated by using
the value far down the throat. In doing so we need to take into aount the dependene of
the warp fator on the volume modulus as disussed in [13℄. In other words we need to
write (assuming as before that the volume modulus is xed at some spae time independent
value)
e−4A = 1 + e−4uh(y). (13)
Here h(y) is dened to give zero when integrated over X with metri gmn. Far down some
warped throat h beomes large and takes the value hmax = e
8K/3Mgs ≡ e−4Amin with
K,M, K >> M a pair of ux integers, aording to equation (3.19) of GKP. So the riterion
for non-trivial warping is e−4ue−4Amin >> 1. Then we have for these KK modes whih are
loalized down the throat
M2KK ∼
1
2piα′
e4Amine−4u.
Similarly down this throat the eetive string sale is warped down giving,
M2s ∼
1
2piα′
e2Amine−4ueφ/2.
M2KK
M2s
∼ e−φ/2e2Amin . (14)
So the warped KK sale is below the warped string sale at least if the string oupling is
not too small.
Now we may ompute the ratios of the eetive tension of the domain wall wrapping a
three yle at the end of the throat to the warped string sale, the Plank sale and the
warped KK sale:
Tdw
M3s
∼ e−φ/4e−3Amin |z| ∼ e−φ/4 (15)
Tdw
M3P
∼ e−6u+φ/2|z| ∼ e−6u+φ/2e3Amin (16)
Tdw
M3KK
∼ eφ/2e−6Amin |z| ∼ eφ/2e−3Amin (17)
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In these expressions we've ignored fators of O(1) and retained only the modu-
lus/dilaton/warp fator dependenes and in the last estimate we've used the value z ∼ e3Amin
given in equation (3.19) of GKP [8℄.
From (16) we see that the tension is always below the Plank sale for large volume
ompatiations as observed in [14℄. But from (15) we see that Tdw is above the string
sale regardless of the size of the yle relative to the bulk [29℄. The same is true of the
ratio to the KK sale. In other words the spontaneous nuleation of these domain walls (and
hene bubbles of dierent ux vaua) annot be desribed within eetive eld theory. To
put it another way, in regions way down some KS throat, where massive modes are likely to
be loalized, with eAmin << 1, the domain wall tension is above the loal string sale and
way above the loal KK sale.
III. THE BTBP PROCESS IN IIB
In the Brown Teitelboim proess (adapted to a multi-ux/brane situation by Bousso
and Polhinski) it was assumed that the eetive osmologial onstant (CC) is given by a
formula of the form
λ = λ0 +
1
2
J∑
i=1
n2i q
2
i .
Here the rst term is the CC oming from all other soures (both lassial and quantum)
and is assumed to be negative. The seond term is the expliit ontribution of the uxes
with {ni} being a set of integers haraterizing the ux onguration and {qi} being the
set of harges assoiated with branes wrapping any one of the J yles in the ompat
manifold. In the original BT proess there was only one harge and then in order to obtain
an eetive CC of O(10−120) in Plank units it was neessary to have a harge of the same
order. However as Bousso and Polhinski showed if we have many harges (as would be the
ase typially in string theory ompatied on a manifold with many yles say O(100))
the disretuum of values of the osmologial onstant would be suiently dense, so that
even with relatively large harges (say O(1/10)) there would be some whih are within the
aeptable range.
Within a semi-lassial approximation BT had derived (in a manner similar to that in
the seminal work of Coleman and De Luia [15℄) the probability of brane nuleation. It
was argued that in 4-spae the eet of brane nuleation was to reate a bubble of lower
6
(or higher) values of the osmologial onstant separated by a domain wall onsisting of a
losed brane onguration. Also while transitions to lower values will take plae at some
nite rate, upward transitions ould not happen for non-ompat 3-spae, while if spae was
ompat they ould take plae but at some suppressed rate. Furthermore transitions from
a positive to a negative value of the CC were also suppressed.
However the BP argument was made in a ontext where the moduli (in partiular the
sizes of the yles and hene the values of the harges) were not stabilized. So a proper
disussion of this proess requires one to onsider an expliit string theory model suh as
that of GKP-KKLT [8℄[7℄ in type IIB ompatied on a Calabi-Yau orientifold X . In order
to anel tadpoles one introdues D3 (and D7) branes and turns on three form uxes. The
uxes generate a potential for the dilaton and omplex struture moduli (zi i,= 1, . . . , h21).
By adding non-perturbative eets a potential for the Kaehler moduli Ti i = 1, . . . , h11 an
also be generated. This potential is in the lassi N = 1 SUGRA form and is given in terms
of a Kaehler potential (assuming for simpliity just one Kaehler modulus i.e. h11 = 1)
K = − ln(S + S¯)− 3 ln(T + T¯ )− ln[i
∫
X
Ω ∧ Ω¯], (18)
and a superpotential
W =
∫
X
G3 ∧ Ω+ Ce
−aT . (19)
In the above S = e−φ + iC0 and T = e
4u + ib with C0 being the RR zero-form and b is an
axion related to the RR four-form eld of IIB string theory. We also set 2piα′ = 1 in the
following. Also Ω is the holomorphi three form on X and
G3 = F3 + iSH3
with F3(H3) being RR (NSNS) three form uxes threading some three yles in X . As is
well-known (see for example [16℄ for a review) these uxes are quantized and by expanding
in a basis of (A and B) three yles the rst (ux) term of (19) an be written as
Wflux ≡
∫
X
G3 ∧ Ω = (2pi)
∑
i
[(niA + iSm
i
A)Gi(z)− (n
B
i + iSm
B
i )z
i]. (20)
Here the zi are projetive oordinates (dened by the periods of Ω) on the omplex struture
moduli spae, Gi = ∂G/∂zi with G being a homogeneous funtion of degree two in the zi
and the n's and m's are integers.
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An elementary brane nuleation transition (of the sort that was onsidered by BT) would
orrespond for example to a shift of the form
nBj → n
B
j ± 1,
for one ux integer with all others unhanged [30℄. This would lead to a hange of the
superpotential
∆W = ±2pizj . (21)
To nd the hange in the potential and the orresponding hange in the stabilized values
of the moduli is not easy in general. However we may estimate these values by adopting
the two stage proedure of KKLT. So we assume that it is possible to integrate out the
omplex struture moduli and the axi-dilaton before adding the NP term giving a onstant
ux superpotential (for eah hoie of uxes) and then onsider a simple theory of the one
remaining modulus T . This means taking K = −3 ln(T + T¯ ) +O(1) and W = W0 + Ce−aT
giving a potential (setting for simpliity the imaginary part TI = 0)
V = v
aCe−aTR
2T 2R
[W0 + Ce
−aTR(1 +
1
3
aTR)] (22)
with v an O(1) onstant. This potential has a supersymmetri AdS minimum determined
by DTW=0, i.e.
W0 = −(1 +
2TRa
3
)Ce−aTR . (23)
KKLT go on to lift this minimum to get a dS solution by a rather ad ho proedure. For our
purposes we do not need this - in fat before we take into aount the eets of integrating
down from just below the string sale all the way to the Hubble sale (where the CC is
determined) all that one needs to ensure is that the CC produed from a string theory
argument is of the order of the TeV sale, sine one expets an eet of at least this order
from supersymmery breaking, the standard model phase transition and assoiated quantum
utuations. Thus we will take the above minimum as representing the one that we nd
ourselves in, modulo the eets just mentioned.
The question then is what was the prior state whih gave rise to this ux onguration.
First we note that for the sheme to be valid (i.e. TR > 1, and aTR > 1 as pointed out by
KKLT) we should have W0 ≪ 1. Indeed to have a CC at the standard model sale we need
(alling the nal (initial) value of the CC V f0 (V
i
0 ))
V f0 ∼ −
|W f0 |
2
T 3R
≪ 1. (24)
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Let us now estimate the CC of the immediate prior state to this - in other words the
potential minimum of the state from whih this universe was reated by bubble nuleation.
The hange in the superpotential is given in (21) and sine this is muh greater than W0,
the CC of the state from whih the nal state was nuleated had a CC of the order of
|V i0 | ∼
z2
T 3R
∼
e6Amin
T 3R
. (25)
In the last step we have assumed that the three yle whih is wrapped by the nuleated
ve-brane is the three yle in the KS throat with z the orresponding omplex struture
modulus whih was estimated in equation (3.19) of GKP [8℄. Let us now measure this against
the string sale using (7) .
V i0
M4s
∼ e2Amine−φe−4u ∼
1
gs
e−4piK/3Mgse−4u << 1, (26)
where K,M are integers haraterizing the uxes through the relevant pair of dual three
yles. We are assuming of ourse that the values of the moduli (in partiular TR in the
initial and nal state are not parametrially dierent, onsistent with (21) and (23).
Thus we have shown that although one might expet that the generi initial state has a
CC that is around the string sale, so there is no possibility of a supergravity desription of
the initial state, for strongly warped large volume ongurations, it is possible to have suh
a desription [31℄. However as we argued at the end of the previous setion (see (17)(15)
) even for branes wrapping the shrinking three yle down the KS throat, the domain wall
tension is larger than the string sale and muh larger than the KK sale!
Thus it seems that even though there are ux ongurations with a strongly warped
throat that allow a supergravity desription of both the nal state and the initial state - the
brane nuleation proess requires a brane whose eetive tension is well above the (loal)
string sale. In ontrast to working in string perturbation theory with a stati bakground of
D-branes (whih have tensions that are larger than the string sale) here we have dynamial
proesses that are taking plae at or above the string sale. The brane nuleation involves
a redistribution of energy density at sales whih are greater than or equal to the string
sale, and therefore one annot really expet there to be a low-energy eetive eld theory
desription of this. One should expet that at the same time as these branes are nuleated,
stringy states ould also be reated. Even if it is the ase that Coleman-De Luia type
alulations [15℄ are still valid for estimating the transition probabilities, the end point of
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the transition is unlikely to have a semi-lassial desription. As pointed out in [17℄ there is
also a problem of onstruting a bakground independent eetive supergravity ation that
desribes suh proesses. Of ourse this does not mean that there are no suh transitions
in string theory. It simply asts doubt on the existene of a supergravity desription of the
dynamis.
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